Downstream MET-IRSL single-grain distributions in the Mojave
A b s t r a c t 13 We use samples from a prior study (McGuire and Rhodes, 2015) to investigate the bleaching trend of 14
Mojave River sand in more detail. We present new single grain data which provides insight into how 15 previously presented multiple-grain luminescence signals decrease downriver. The single grain dose 16 distributions allow for a test of the assumption that multiple-grain equivalent dose (D e ) is representative 17 of fluvial transport down the Mojave River. For samples at the Forks, Victorville and Barstow, with 18 laboratory luminescence sample codes J0262, J0267 and J0265, respectively, inspection of the kernel 19 density estimate (KDE)-generated probability density function supports the assumption, though is does 20 not prove it directly. Implementing a Kolmogorov Smirnov (K S) test shows that the downriver samples 21 are statistically different from each other, suggesting bleaching as the primary mechanism for changes is 22 dose distribution downriver. Single-grain dose distributions show that the D e of the Afton Canyon 23 sample (J0260) is not representative of grain travel from source to sink, but instead likely a result of local 24 mixing of sediment populations. This result is confirmed by visual inspection of the KDE, and 25 quantitatively using the K S test. As has been noted by several authors, the single-grain dose 26 distribution in active channels of rivers may represent a worst case in terms of poor bleaching, due to 27 mixing of older-age populations (Cunningham et al., 2014; Jain et al., 2004 The shape of TL D e as a function of distance downriver differs in general from the MG MET-pIRIR 83 trends. The concave-down shape of the TL data (as opposed to a concave-up stretched exponential) is 84 likely a result of the reduced bleachability of feldspar TL in the water column when compared to optical 85 luminescence bleaching (Rendell et al., 1994; Berger, 1990) . The TL measurements, in conjunction with 86 the MG MET-pIRIR trends, provide evidence for a decreasing degree of bleaching in the water column 87 with distance downriver. This inference is supported by hydrologic data, which shows that transmission 88 and evaporation loss of surface water is significant downriver, even for the largest floods ( Figure 3 ). 89
Single-R A R teria applied to 90 grains were >100% error in dose, >50% recycling ratio limit and the inability to fit the dose response 91 curve with an exponential or exponential plus linear function in Analyst. Single-grain dose distributions 92
for each temperature and sample are represented with a kernel density estimate (Figure 4 ). General 93 trends from graphical inspection can be grouped into two categories: intra-sample and inter-sample. 94
The intra-sample trends show that the grain population is progressively more poorly bleached at higher 95 pIRIR measurement temperature. This observation is based on the widening of highest relative 96 probability peak with increasing temperature. Additionally, the number of grains returning signal 97 decreases with increasing measurement temperature. This may reflect a mixed mineralogy as density 98 separation was done at 2.58 gcm -3 (instead of 2.565 gcm -3
), which can cause plagioclase feldspar to be 99 included in the SG population (Rhodes, in press ). The decreasing number of grains returning signal may 100 also indicate a reduced probability of recombination with increasing temperature (Poolton et the D e and standard deviation to increase (Harrison Gray, pers. comm.), which is the case for our data 162 set, specifically at Afton Canyon. We attribute the higher MG D e and standard error at Afton Canyon to 163 the few higher dose grains in the SG dose distribution, but note that aliquot size of the MG discs could 164 affect the apparent trend (Cunningham et al., in press). These observations support the argument that 165 at least a portion of the bleaching is occurring on the surface, after grains are deposited. 166
In a more complicated scenario, some linear combination of surface bleaching after deposition 167 and underwater bleaching during floods could occur. One indication that surface bleaching alone cannot 168 explain SG downriver trends is that a bimodal distribution of equivalent doses does not occur, as an 169 episodic surface bleaching model predicts (Gray & Mahan, 2015) secondary line of evidence presented in this paper is that the downriver change in TL D e does not follow 179 the same stretched exponential shape of the MET-pIRIR measurements (Figure 2 ). Since the TL signal is 180 much less bleachable underwater than the optical signal (Rendell et al., 1994) , the lack of significant 181 reduction in TL signals suggest that some of the bleaching is occurring underwater. The resulting synthetic distributions are shown in Figure 6 . These results suggest that it is possible to 199 produce the trend towards better bleached samples downriver simply from random fluctuations in the 200 frequency of bleaching. Additionally, the data can be re-produced closely, if the best-fitting iteration is 201 selected. 202
Another finding of this paper is that contribution of a mixing population can have a first order 203 effect on downriver trends of pIRIR signals, as is the case at Afton Canyon. We propose that the SG dose 204 distribution at Afton Canyon results from a small contribution of locally-sourced grains mixed with a SG 205 dose distribution similar to the Barstow sample (J0265). The implications of this hypothesis are that (1) 206 tributary and/or terrace erosion exert a first order control on MG dose, and that (2) if the input 207 population of locally sourced sand has a significantly different D e from the main channel sand, its 208 signature could be removed. The presence of this higher dose population may allow for future sampling 209 along the river to pinpoint the location of the routing of these poorly bleached grains. This has 210 important implications for provenance studies using luminescence equivalent dose distributions. 211
Conclusion:
Single-grain MET-pIRIR distributions are used to show that D e populations at the Forks and 213
Barstow differ in a statistically significant way, consistent with a trend towards better bleaching 214 downriver. This result supports the possibility that changes in D e down a river could be combined with 215 theoretical models to gather information about sediment transport. The single-grain results at Afton 216
Canyon show that using multiple-grain aliquots could be misleading, as the influence of mixed, older 217 populations could go undetected. In this case, the model of Gray and Mahan (2015) tributaries may contribute older grains to the modern channel (Rittenour, 2008; Stokes, 1999) . Our data 223 supports these assertions, and we propose further that the modern river channel can be thought of as a 224 gravity well for sediment in the immediate surroundings, routed via the drainage network. Using this 225 general framework, the degree of partial bleaching would be dependent upon local gradient and the 226 dose distribution of up-gradient deposits. We do not propose to test this explanation with the current 227 data set, but rather suggest that interpretations about dose distributions of modern fluvial samples are 228 subject to provenance and the ability of the drainage system to deliver locally sourced sediments. 229
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